RNA and protein syntheses in axes excised from dry soybean (Glycine max L.) seeds at different levels of deterioration were assayed. Low rates of protein synthesis in slghtly deteriorated seeds were not due to losses in ribosomal or soluble fraction activities. However, the lowered rates of RNA and protein syntheses of deteriorated seeds were associated with reduced ATP content of the tissues. Adenine and adenosine conversions to ATP were reduced in deteriorated axes, and these reductions were reflected in reduced incorporation of these compounds into RNA.
MATERIALS AND METHODS Soybean (Glycine max. L. cv. Kent) seeds were harvested at Beltsville in 1972 and stored in sealed containers at 4 C until used. The seeds were then transferred to cloth bags and stored at 3 C and 80% relative humidity for 2 to 3 weeks so that moisture content was increased to about 20%. Deterioration (rapid aging) was induced by storage of these seeds in sealed glass jars at 35 C. Samples were taken at 0-to 9-day intervals, depending on the experiment. For determination of germinability, seeds were incubated on wet germination paper in the dark at 22 C for 5 days.
The embryonic axes minus the plumules were excised from dry seeds and were generally used within 2 days. They were used either dry or after imbibing water containing 10 ,ug/ml chloramphenicol at 25 C.
Isolation The axes were removed, washed with tap water, and kept at -20 C until extracted with 5% trichloroacetic acid containing 1 mm each of nonradioactive leucine and adenosine. Aliquots of acid-insoluble and -soluble materials were analyzed for radioactivity.
Adenine Nudeotide Determination. Axes were imbibed in H20 containing 10 ,ug/ml chloramphenicol for 0 to 5 hr at 25 C, removed, frozen in liquid N2, and then homogenized in 5 ml 0.25 N HCl04 with mortar and pestle. The homogenate was centrifuged at 10,000g and the supernatant saved. The pellet was washed with HC104 and centrifuged. The combined HCl04 extracts were neutralized with 2.5 M KHCO3, and the potassium perchlorate precipitate was removed after centrifugation and washed with water. After centrifuging, the supernatant was added to the neutralized extract and the KC104 discarded.
Aliquots were analyzed for ATP, ADP, and AMP. AMP was determined by conversion to ADP with myokinase (8) , and ADP by conversion to ATP with pyruvate kinase and phosphoenolpyruvate. Both enzymes were desalted by passage of the samples through a'6-ml Sephadex G-25 column (21) .
ATP was determined with purified luciferin-luciferase (Du (Fig.1A) and adenosine (Fig.1B) into acid-insoluble materials increased significantly in axes of control seeds. Ribosomes isolated from axes of soybean seeds at various stages of deterioration (0-85% germinability) did not differ greatly in their ability to support in vitro poly U-directed phenylalanine-incorporation (Fig. 2) . All of the corresponding supernatants effectively supported incorporation of phenylalanine in the presence of added soybean ribosomes (TableI). Plant Physiol. Vol. 59, 1977 However, the incorporation for supernatants from seeds of 0% germinability was about 33% lower than that for any of the other supernatants. Thus, the ribosomes and water-soluble components of partially deteriorated soybean seeds appear to be as effective as those of sound seeds in supporting protein synthesis. These data on soybean axes differ somewhat from those on rye embryos (18) . ATP Levels in Rapid Aged Seeds. ATP content of germinating axes increased severalfold during the first hours of imbibition Fig. 2 ). Each point is the average of two replicates with 10 axes/replicate. (Fig. 3) . In axes from control seeds of 85% germinability, ATP increased from a level of about 0.3 nmol/dry axis to 3.6 nmol/ axis in the 1st hr of imbibition. Concurrently, AMP decreased from 1.2 nmol/dry axis to a level barely detectable by the method employed. The ADP level was fairly constant (0.3-1 nmol/axis) during this time period. The increase in ATP is not accounted for by depletion of the AMP and ADP pools as it is in other seeds (6, 9, 14, 15) . Total content of adenylate nucleotides of soybean axes increased during germination regardless of extent of deterioration (Fig. 4) . In control seeds, the net 5-hr increase, which was due primarily to ATP, amounted to more than three times the total adenylate nucleoside phosphates of the dry axes (Fig. 4) and is similar to what happens in crimson clover seeds (10) . This increase in total adenine nucleotides during these early hours of germination can be accounted for, in part, to their synthesis from the endogenous pools of adenine and adenosine. Table II show that there is sufficient adenine and adenosine present in the dry axis to double the adenylate nucleotides. The rapid decline of these endogenous pools and their incorporation (Tables III and IV) into adenylate nucleotides strongly suggest that adenine and adenosine can and do serve as substrates for adenylate nucleotides in soybean axes. Nucleosides have been regarded as nucleotide reserves in seeds (7, 11) . The increase in adenylates not accounted for by adenine and adenosine probably arises from de novo synthesis of nucleotides and conversion of 3'-AMP from RNase activity to adenosine by 3 '-nucleotidase.
Data in
The pattern of ATP increase during germination (or imbibition) was similar for axes from seeds of different germinability, but the average rate of increase, and hence, the total level of ATP, varied inversely with degree of seed deterioration (Fig. 3) . Deteriorated axes accumulated less adenylate nucleotides than control axes. After 3 hr of imbibition, the axes from the most deteriorated seeds declined in ATP content (Fig. 3) .
The low rate of incorporation of adenosine into RNA (Fig.  1B) by deteriorated seeds suggested poor absorption of adenosine or poor conversion of this substrate to ATP. To test these possibilities, I incubated [14C]adenine and [14C]adenosine with axes and analyzed the HC104-soluble material for total radioactivity and for ATP, ADP, and AMP. The radioactivity of the RNA fraction was also determined. Generally, the uptake of adenine and adenosine, the conversion to ATP and ADP, and the incorporation of the substrates into RNA decreased with increased seed deterioration (Tables III and IV) . However, the per cent conversion of these substrates to AMP tended to increase, with seed deterioration, suggesting a block between AMP and ADP or ATP. The correlations between the total ATP pool and the amount of adenine (Fig. 5A) and adenosine (Fig.  SB) converted to ATP were significant. These data support the concept that the incorporation of adenine and adenosine into RNA is directly related to ATP pool size.
The low amounts of radioactive adenine nucleotides in deteriorated axes (Fig. 4) could have been caused by inactivation of the enzymes that catalyze nucleotide synthesis. However, crude extracts of axes from seeds of control and 9-day rapid aged (85 and 0% germinability) did not differ in the activities of adenosine kinase and adenine phosphoribosyltransferase enzymes that convert adenosine and adenine to AMP (Table V) . Activity of the former enzyme was found to depend on ATP concentration (2) . Possibly, the lower accumulation of ATP, the lower EC, and the lower uptake of radioactive substrates of deteriorated axes are all related to degraded membrane systems in the deteriorated tissues.
The low rates of biosynthetic activity in deteriorated seeds are probably related to the loss in ability to synthesize and accumulate ATP rather than to the loss of a specific enzyme in protein or RNA synthesis. Enzymes which require high ATP concentrations for activity (e.g. those involved in protein synthesis (4), RNA synthesis, and nucleotide systems) would be the first diminished or inactivated by decreases in ATP concentrations. Many of the observations on lowered rates of metabolic activity of deteriorated seeds can be explained on this basis, and yet Assay  FIG. 6 . Activity of adenosine kinase as a function of ATP concentration. Triangles and circles represent activity at 2 and 4 min, respectively, from ATP addition. After appropriate incubation times, 5-,ul aliquots were removed, spotted on PEI sheets (1.5 x 2.5 cm), and developed in H20. After air-drying, the origins were cut from the sheets, placed directly into vials containing 5 ml of scintillation fluid, and counted so that the immobile nucleotides could be quantified. Plant Physiol. Vol. 59, 1977 
